The E2F family of proteins is required to establish the correct cell-cycle-dependent transcription of genes that direct the process of cell division. All previously identified E2F proteins can act in a similar manner; depending on whether or not they are associated with the cell cycle inhibitors the retinoblastoma protein (pRB), p107, or p130, they can either repress or activate the transcription of E2F-responsive genes. We now report the cloning and characterization of another E2F family member, E2F-6, whose structure is reminiscent of the dominant inhibitors of other transcription factor families. The dimerization and DNA binding properties of E2F-6 are similar to those of the other E2F family members. However, it is not regulated by pRB, p107, or p130, and it is unable to activate transcription. Instead, it can act to repress the transcription of E2F responsive genes by countering the activity of the other E2F complexes via a pRB-, p107-, or p130-independent mechanism.
The retinoblastoma gene (RB-1) is one of the best studied of the tumor suppressor genes. Although it was originally identified by virtue of its absence in retinoblastomas, subsequent studies have shown that it is absent or mutated in at least one-third of all human tumors (1) . The product of this gene [the retinoblastoma protein (pRB)] is also an essential target of the transforming proteins of the small DNA tumor viruses (2) . In untransformed cells, the growth-suppressive properties of pRB are regulated by its cell-cycle-dependent phosphorylation (3) . This phosphorylation is catalyzed by the cell-cycledependent kinase cyclin D⅐cdk4͞6 (3) . Consistent with this hypothesis, many human tumors contain activating mutations within either the cyclin D1 or cdk4 genes or have lost the cdk4͞6-specific inhibitor p16 (4) .
The growth-suppressive properties of pRB are dependent upon its ability to regulate a cellular transcription factor, E2F (3, 5) . Many E2F-responsive genes have been identified, and their products are required for entry into, or passage through, the cell cycle. Consistent with its antiproliferative role, the pRB inhibits the transcriptional activity of E2F (6) . Moreover, the resultant pRB-E2F complex actively represses the transcription of E2F-responsive genes by blocking the activity of adjacent transcription factors (7) (8) (9) . Phosphorylation of the pRB causes it to dissociate from E2F, thereby switching E2F-responsive genes from the repressed to the induced state.
E2F is regulated by two additional proteins called p107 and p130 (10) . These proteins share significant sequence similarity with the pRB (2, 10) , and in overexpression assays they repress E2F in a similar manner to pRB (11, 12) . However, genetic studies indicate that pRB, p107, and p130 have distinct properties in vivo. Whereas pRB is mutated in 30% of all human tumors, neither p107 nor p130 is a tumor suppressor (13) . Moreover, analysis of mutant mouse strains indicates that pRB is essential for development, whereas loss of p107 or p130 does not alter viability or tumor incidence (14) (15) (16) (17) (18) . It is unclear exactly how the different biological properties of these proteins relate to the manner in which they regulate E2F, but pRB, p107, and p130 are known to bind to E2F at defined but distinct stages of the cell cycle (10) .
To date, at least seven human genes have been identified that encode components of the E2F transcriptional activity (10) . These can be divided into two distinct groups, named E2F (E2F-1 through -5) and DP (DP-1 and -2). The products of these groups heterodimerize to give rise to high-affinity DNA binding activity and transcriptional activation (19) (20) (21) (22) . In vivo studies confirm that the endogenous E2F activity is generated from the combined properties of multiple E2F-DP complexes (22, 23) . The individual E2F-DP species have different pRB, p107, and p130 binding properties. Although the DP subunit is essential, the E2F moiety mediates the specificity of this interaction. Complexes containing E2F-1, -2, or -3 associate with pRB but not p107 or p130 in vivo (24, 25) . In contrast, E2F-4 and -5 complexes are capable of binding p107 and p130 (26) (27) (28) . Consistent with these findings, sequence comparisons suggest that the family of E2F proteins can be subdivided into two distinct subgroups. The pRB-specific E2Fs (E2F-1 through -3) have an extended N-terminal domain that is absent in both E2F-4 or -5. There is also considerable variation in the sequence of the DNA binding, dimerization, and transactivation domains between members of the two E2F subgroups (E2F-1 through -3 versus E2F-4 and -5). These observations have led to the hypothesis that these two subgroups will play distinct roles in vivo that will at least partially account for the different biological consequences of loss of pRB, p107, or p130.
To examine the biochemical and functional properties of the endogenous E2Fs, we had previously developed specific antisera for each of the components of the E2F family (23) . With these reagents, we have been able to demonstrate that the known E2F proteins are unable to account for all of the endogenous E2F-DP DNA binding activity (23) . In this study, we describe the cloning and characterization of an additional E2F family member, E2F-6. The DNA binding and dimerization domains of E2F-6 are highly related to the corresponding domains of the previously identified family members, but this protein lacks the sequences necessary for either transactivation or pRB, p107, or p130 binding. We conclude that the E2F family contains a third subgroup of proteins whose structure is highly reminiscent of the dominant inhibitors of other transcription factor families.
MATERIALS AND METHODS
cDNA Identification and Characterization. GenBank, EMBL, and DDBJ databases were searched with the protein sequence QKRRIYDITNVLEG by using the TBLASTN program. The identified E2F-6 human and mouse expressed sequence tags (ESTs) were obtained from Research Genetics (Huntsville, AL). A human fetal brain cDNA library (Stratagene) was screened with 1.6-kb EcoRI fragment of a human EST labeled with [␣-32 P]dCTP by random priming. Hybridization was performed at 42°C in 5ϫ SSC͞5ϫ Denhardt's solution͞30% formamide͞0.5% SDS͞dextran sulfate (50 g͞ ml)͞salmon sperm DNA (150 g͞ml). Filters were washed at 55°C for three 20-min periods in 1ϫ SSC͞0.1% SDS. Positive clones were identified by autoradiography. Exonuclease III (New England Biolabs) digestion was used to generate nested deletions of both EST and cDNA clones, which were then sequenced with Sequenase 2.0 (United States Biochemical).
Plasmid Construction. The human E2F-6 ORF was amplified by PCR with the primers 6.6 (GTTAGGATCCATGCG-GCACGAGAAGTTACCCAG) and 6.10 (CTCAGGATCC-ATCAGTTGCTTACTTCAAG) and Vent polymerase. The PCR product was digested with BamHI and subcloned into pHACMV-neo-Bam to generate pCMV-HA-E2F-6. The plasmids pE2F 4 -CAT, pRSV-luciferase, pCMV-E2F-1, pCMV-E2F-4, pCMV-DP-1, pCMV-HA-DP-1, pCMV-HA-DP2, pCMV-RB, and pCMV-p107 have been described (20, 22, 23) . The 6ϫ His-tagged E2F-6 vector was constructed by amplifying the E2F-6 ORF with primers 6.6 and 6.12 (CACTAAG-CTTATCAGTTGCTTACTTCAAGCA). The PCR product was digested with BamHI and EcoRI and subcloned into pQE30 (Qiagen, Chatsworth, CA).
Northern Blot Analysis. The cell-line Northern blot [containing poly(A) ϩ RNA from 293 (adenocarcinoma), HeLa (cervical carcinoma), ML-1 (myeloid leukemia), T98G (neuroblastoma), MCF7 (human breast cancer cell line), or C33-A (cervical carcinoma)] or a human tissue blot [containing 2 g (per lane) of poly(A) ϩ RNA isolated from the indicated tissues (CLONTECH)] was screened with probes corresponding to the full-length E2F-6 ORF or a 1,052-bp XmnI-SacI fragment from the 3Ј untranslated region. These fragments were labeled with [␣-32 P]dCTP by using the Prime-It II kit (Stratagene). The blots were hybridized for 18 h at 65°C in 0.5 M sodium phosphate, pH 7.5͞1 mM EDTA, pH 8.0͞5% SDS͞1% BSA and washed three times with 1ϫ SSC͞0.1% SDS at 65°C before autoradiography.
Polyclonal Antibody Production and Western Blotting. The full-length 6ϫ His-tagged human E2F-6 protein (amino acids 1-275) was expressed in bacteria, purified over a Ni 2ϩ -nitrilotriacetic acid-agarose resin (Qiagen), and used to immunize mice. Western blotting was performed as described by Moberg et al. (23) .
Transient Transfection and in Vitro Assays. Cells were grown under standard conditions in DMEM supplemented with 10% fetal calf serum. Transient transfections were performed as described (29) . For the immunoprecipitation and gel retardation assays, transfections were conducted with 10 g of each of the indicated plasmids plus pCMV-neo-Bam to give a total of 30 g. Gel shift assays were carried out as described (29) with unlabeled cell extracts normalized for total protein concentration. For immunoprecipitations, the cells were labeled with 250 Ci of [ 35 S]methionine Express labeling mix (NEN) in methionine-free medium (GIBCO͞BRL) for 3.5 h. Immunoprecipitations were performed as described (25) with the following antibodies:
Precipitates were resolved on a 10% SDS polyacrylamide gels by PAGE and detected by fluorography. For transactivation assays, C33-A cells were transfected in duplicate with 4 g of E2F 4 -CAT, 2 g of pRSV-luciferase (as an internal control for transfection efficiency), 14 g of carrier DNA (pBKSϩ), and the indicated amounts of the pCMV-E2F expression vectors. These transfections were performed in the presence or absence of 3 g of pCMV-HA-DP2. Within each experiment, the total concentration of CMV expression vector was kept constant by the addition of pCMV-neo-Bam. chloramphenicol acetyltransferase (CAT) and luciferase assays were conducted as described in Lees et al. (25) .
RESULTS

Isolation of cDNAs Encoding an E2F Family Member.
At the start of this study, five genes had been identified that encode members of the E2F family of proteins. We have shown previously that these proteins account for a significant proportion of the endogenous E2F-DP complexes, but there must be at least one additional E2F (23) . The greatest homology between the known E2F family members maps to the Cterminal half of the DNA binding domain. This contains a stretch of 15 amino acids (QKRRIYDITNVLEGI) that is invariant in the previously identified E2Fs. In an attempt to identify additional E2F family members, we searched the EST database for cDNA clones that encode this motif. As expected, we were able to identify multiple ESTs derived from E2F-1, -2, -3, -4, or -5. In addition, this search identified one mouse (GenBank accession no. AA041604͞AA050073) and one human (GenBank accession no. AA127210) EST that did not correspond to the known E2Fs. These clones were highly related to one another at the nucleotide level, suggesting that they were mouse and human homologues of the same gene. The QKRRIYDITNVLEGI motif was highly, but not completely, conserved in one of the predicted translation products and almost all of the variation between these two clones was in the third base position of this ORF. These data strongly suggested that this was the correct ORF and that these cDNAs were excellent candidates to encode another E2F.
With both the EST database and standard library screening techniques, we identified multiple overlapping cDNAs that encompassed 2,027 bp of the human gene. This sequence starts within the ORF and extends to the poly(A) ϩ tail. None of the human cDNAs diverged from this assembled sequence. We also identified two noncontiguous mouse cDNAs. The first is a 638-bp clone that shares significant homology with the 3Ј untranslated region of the human gene. The second includes 216 bp of 5Ј untranslated region followed by the initiating ATG (as judged by the presence of a good Kozak consensus and an upstream in-frame termination codon) and 536 bp of ORF. Sequence comparison suggested that the human cDNA lacks only a short region (18 bp) of 5Ј coding sequence (data not shown). The overlapping regions of the human and mouse sequence are highly conserved at both the nucleotide (83%) and predicted amino acid (92%) level (Fig. 1A) . We therefore concluded that we had identified the mouse and human orthologues of another gene, hereafter designated E2F-6, that share significant homology with the known E2Fs.
The previously identified E2F proteins have been divided into two distinct subgroups (E2F-1 through -3 versus E2F-4 and -5) on the basis of differences in their amino acid sequence. The central portion of the E2F-6 protein shared considerable homology with the the domains of E2F-1 through -5 that are known to mediate their dimerization (both the leucine zipper domain and region of homology known as the marked box) and DNA binding properties (Fig. 1B) . Within these domains, many of the residues that are absolutely conserved between E2F-1 through -5 are also maintained in E2F-6. However, at a significant proportion of these conserved residues, E2F-6 had alternative codon usage from that found in the other E2F genes (data not shown). Moreover, when we examined the Biochemistry: Trimarchi et al.
Proc. Natl. Acad. Sci. USA 95 (1998) amino acid positions that are known to distinguish E2F-1 through -3 from E2F-4 and -5, the corresponding residue in E2F-6 rarely fit into either subgroup (see Fig. 1B ). The distinction between E2F-6 and the other E2F family members was further underscored by the degree of sequence variation outside of the DNA binding and dimerization domains. The N-terminal domain of E2F-6 was of intermediate length, relative to those of the two E2F subgroups, and resembled neither subclass. More importantly, the E2F-6 protein terminated just 42 amino acids beyond the marked box motif (the C-terminal portion of the dimerization domain). As a result this protein lacks the sequences that are know to mediate either the transcriptional activation or pRB, p107, or p130 binding properties of the other E2F proteins. Thus, these findings suggest that E2F-6 represents a third subclass of the E2F protein family that is likely to display distinct properties from the previously identified members. E2F-6 Is Widely Expressed in Vivo. E2F-1 through -5 are all expressed in a wide variety of tissues (25-28, 30, 32, 33) . We were therefore interested to establish the expression pattern of E2F-6. Initially, we isolated poly(A) ϩ RNA from the indicated human cell lines and screened them for the presence of the E2F-6 mRNA by Northern blotting using a probe derived from the coding sequence ( Fig. 2A) . In these and every other cell line examined, this probe hybridized with similar stringency to two distinct messages. To date, each of the E2F-6 cDNAs that we have identified corresponds to a single common transcript. It was therefore unclear why the E2F-6 probe detected two different mRNAs. To address this issue, we rescreened these Northern blots with a probe derived from the 3Ј untranslated region. This second probe also hybridized to the same two transcripts (data not shown), indicating that they must both contain at least some of the sequences from both the coding and 3Ј untranslated region of our E2F-6 cDNA.
We also examined the expression of E2F-6 in human tissues. For these experiments, we screened a human tissue blot (CLONTECH) with the probe corresponding to the E2F-6 coding region (Fig. 2 A) . As with cultured cells, we detected two E2F-6 transcripts in every tissue examined. We therefore (1998) conclude that E2F-6 will be expressed in most if not all cell and tissue types. At this time, we are unable to explain the structural difference(s) between the two mRNAs. Given the existence of the two E2F-6 transcripts, we could not rule out the possibility that alternate splicing could give rise to protein products with two distinct C termini, one that corresponds to that encoded by our identified cDNA clones and one that more closely resembles the domain structure of the previously identified E2F proteins. To address this issue, we raised polyclonal antiserum against the predicted human E2F-6 protein. Control experiments confirmed that the antiserum recognized epitopes throughout the E2F-6 protein but did not cross-react to any of the other known E2Fs (data not shown). When tested on Western blots, the antiserum detected a single 35 -kDa protein in all tested cell lines that migrated slightly faster than an HA-tagged version of the E2F-6 protein produced by transient transfection (Fig. 2 A and data not  shown) . We therefore conclude that the E2F-6 protein is expressed in vivo and it exists predominantly in the form predicted by the cDNA clones.
E2F-6 Displays Low-Affinity E2F DNA Binding Activity. Given the unusual structure of E2F-6, we wished to establish whether this protein retained any of the properties of the known E2F family members. All previously identified E2Fs can bind to either of the human DPs and this heterodimerization is known to be a prerequisite for the high-affinity DNA binding. We therefore initiated our analysis by comparing the ability of E2F-1, -4, and -6 to bind to known E2F-associated proteins. For these experiments, C33-A cells were transiently transfected with eukaryotic expression vectors encoding E2F-1, E2F-4, or an HA-tagged version of E2F-6 in the presence or absence of the DP (either DP-1 or DP-2) or pocket (pRB, p107, or p130) proteins. The transfectants were labeled with [ 35 S]methionine and then subjected to immunoprecipitation with the indicated antibodies (Fig. 3A) . Although there was considerable variation in the efficiency of the individual transfections, these experiments allowed us to assess the DP and pocket protein binding properties of the individual E2F proteins. A monoclonal antibody specific for the HA tag was able to recover either DP-1 or DP-2 in approximately stochiometric amounts with HA-E2F-6 (Fig. 3A, lanes 18 and 21) . Moreover, HA-E2F-6 seemed to bind to these proteins as well as either E2F-1 or E2F-4 (Fig. 3A , compare lanes 18 and 21 with lanes 3 and 11 and lanes 6 and 14) . This confirmed that E2F-6 is able to heterodimerize with the DP proteins despite the sequence variation within its presumed dimerization domain. Consistent with previous studies, the E2F-1-DP-1 (Fig.  3A, lanes 4 and 5) and E2F-4-DP-1 (Fig. 3A, lanes 12 and 13) complexes were able to associate with pRB and p107 when overexpressed. In contrast, we did not detect any interaction between the HA-E2F-6-DP complexes and any of the three pocket proteins (Fig. 3A, lanes 19 and 20 and data not shown) . This finding is consistent with the absence of a pocket protein binding motif within the E2F-6 protein sequence.
After establishing that E2F-6 can associate with the DP proteins, we next examined the DNA binding activity of these heterodimers. Transient transfection was used to generate the relevant E2F complexes, exactly as described above, and the resultant cell extracts were measured for total protein content. These were then tested in gel retardation assays with the consensus E2F site and equivalent input levels of total protein (Fig. 3B) . Consistent with previous studies, E2F-1 and E2F-4 were unable to bind to DNA in the absence of a cotransfected DP protein (Fig. 3B, lanes 3 and 8) . In a similar manner, we were unable to detect any increase in the levels of E2F DNA binding activity in cells that were transfected with HA-E2F-6 alone (Fig. 3B, lane 13) . In the same assay, E2F-1, -4, and -6 were able to bind to DNA when associated with either DP-1 (Fig. 3B, lanes 4, 9, and 14) or DP-2 (Fig. 3B, lanes 7, 12, and  17) . However, we consistently detected less E2F DNA binding activity in extracts derived from cells transfected with HA-E2F-6 rather than E2F-1 or E2F-4 (Fig. 3B , compare lanes 14-17 with lanes 4-7 and 9-12). Given this finding, we also assessed the expression levels of these E2Fs in Western blots (Fig. 3B) . Because the blots were probed with different antibodies, we cannot make definitive conclusions about the relative levels of these proteins. However, these antibodies have similar avidities for their respective antigens (unpublished observations), suggesting that E2F-1 and E2F-4 are not expressed at significantly higher levels than HA-E2F-6. This suggests that HA-E2F-6 containing complexes have a lower affinity for the consensus E2F site relative to complexes containing either E2F-1 or -4. This low DNA binding activity was observed with multiple independent transfections and was not improved by the removal of the HA tag (data not shown). Given these observations, we also tested the E2Fs for their ability to bind to other E2F binding sites (data not shown). The DNA binding activity of E2F-6-DP did increase when we used the probe TTTCCCGCC(A͞T)(A͞T)(A͞T). However, this site was previously identified by site selection assays as the Gel shift assays were carried out on the indicated unlabeled cell extracts (1.5 g of total protein per lane) by using the consensus E2F site from the adenoviral E2 promoter (TTTCGCGC-CCTTT). Western blot assays were carried out on the same unlabeled cell extracts (300 ng of total protein per lane) by using monoclonal antibodies against E2F-1 (KH95), E2F-4 (LLF4-1), or the HA tag (12CA5). Gel retardation assays have also been conducted by using the additional E2F sites TTTCCCGCCTTT, TTTCCCGCCAAA, TT-TCCCGCGTGT, or ATTCCCGCGCTTT with similar differences in affinity.
preferred recognition sequence of complexes containing E2F-1, -2, -3, or -4, and these species also have a higher affinity for this sequence than for any other E2F site (B.F., unpublished data). In fact, relative to the other E2F species, E2F-6-DP complexes bound less well to each of the five probes tested. We therefore conclude that E2F-6 has a lower affinity for DNA, at least when associated with either of the known DP proteins.
E2F-6 Is Unable to Activate the Transcription of E2F-Responsive Genes. E2F-6 lacks the C-terminal sequences that are known to mediate the transcriptional activity of E2F-1 through -5. However, its shortened C-terminal domain is highly charged and contains a significant proportion of acidic residues (22%), suggesting that it might activate transcription via this alternative motif. To test this hypothesis, we transiently transfected C33-A cells with a chimeric reporter construct, E2F 4 -CAT, in which the expression of the CAT gene is controlled by a minimal promoter containing four consensus E2F sites upstream of the E1B TATA box (20) and increasing amounts of the eukaryotic expression vectors encoding E2F-1, E2F-4, or HA-E2F-6 (Fig. 4A) . These transfections were conducted in either the absence or presence of CMV-DP-2 as indicated. E2F-1 and E2F-4 both substantially increased the activation of this reporter. In contrast, E2F-6 did not bring about any increase in the level of E2F transcriptional activity, either in the absence or presence of cotransfected DP proteins (Fig. 4A) . Instead, the increasing input levels of CMV-E2F-6 steadily inhibited the ability of the endogenous E2F complexes to activate this reporter (Fig. 4B) . We did not see any inhibition of reporter activity when the E2F sites were deleted, indicating this repression was specific for E2F-responsive reporters (data not shown). This inhibition was observed in either the absence or presence of an excess of exogenously expressed DP protein (Fig. 4B and data not shown) .
After finding that E2F-6 can block the activity of the endogenous E2F complexes, we wanted to establish whether it could also inhibit a cotransfected E2F. For this experiment, C33-A cells were transiently transfected with the E2F 4 -CAT reporter in either the absence or presence of CMV-E2F-1 (50 ng) and increasing amounts of CMV-E2F-6 (Fig. 4C) . At this input level, E2F-1 increased the activation of this reporter by approximately 6-fold. This was effectively inhibited by increasing input levels of CMV-E2F-6. Exactly as described above, this repression was observed in either the absence or presence of cotransfected DP (data not shown). We therefore conclude that E2F-6 is unable to activate transcription and, at least when overexpressed, can inhibit the transcriptional activity of the other E2F species.
DISCUSSION
E2F plays a pivotal role in the regulation of cellular proliferation by controlling the expression of genes that are essential for either entry into, or passage through, the cell cycle. This activity is extremely complex, arising from the combined action of multiple E2F-DP heterodimers. Although there are differences in their cell cycle regulation, the previously identified E2F-DP species can all display the same transcriptional properties. In the presence of an associated pocket protein, they each behave as transcriptional repressors. Once released from the pocket proteins, these same E2F-DP species can activate transcription. Although the DP moiety is required for activity, the transcriptional activation and pocket protein binding properties of the E2F-DP complexes are entirely dependent upon sequences within the E2F protein.
Herein we describe the cloning and characterization of the human and murine orthologues of a gene that contains the most conserved domains of the known E2F family members, including the core sequences required for DNA binding and dimerization. Functional studies confirm that the human protein can dimerize with either DP-1 or DP-2 and the resultant complexes can bind to DNA in a sequence-specific manner. These findings confirm that this protein is a genuine member of the E2F family, and we have, therefore, named it E2F-6. Despite this designation, our data indicate that this protein functions in a different manner from the other E2F family members. (i) E2F-6-containing complexes bind to DNA significantly less well than the other E2F-DP species. Although we have yet to calculate dissociation constants for these interactions, our preliminary studies suggest that E2F-6-containing complexes recognize the same target sequences as the other E2F species but they bind to these sites with at least a 5-fold lower affinity. (ii) E2F-6 lacks the domains that are known to mediate the transactivation and pocket protein binding properties of the other E2Fs and it is unable to perform either of these functions. (iii) Overexpressed E2F-6 is able to block the transcriptional activity of either cotransfected E2F-1 or the endogenous E2F complexes. Although the mechanism of this repression is unclear, our data indicate that transcriptional inhibition is not due solely to the sequestration of DP from the other E2F family members by abnormally high levels of E2F-6.
Many other transcription factor families include one or more members that behave as transcriptional inhibitors but there is considerable variation in the mechanism by which repression is mediated. The Id proteins of the myogenic basic helix-loophelix family, the I-POU protein of the POU domain family, and the CHOP protein of the c͞EBP-like family lack the sequences necessary for high-affinity DNA binding and, therefore, function in a DNA-independent manner (34-36). Instead, they are able to inhibit transcription by binding to the essential heterodimeric partners of the positively acting family members and forming nonfunctional complexes. There are also several examples of inhibitory proteins that repress transcription in a DNA-binding-dependent manner. In this case, inhibition can be mediated by either exclusion of other family members from the DNA or through the recruitment of cellular factors that actively inhibit transcription. One example of this latter case is the Mad-Max complex that has recently been shown to mediate repression in a sequence-specific manner through its ability to recruit histone deacetylase activity to its target genes (37). Because the E2F proteins function as part of a heterodimeric complex, it is possible to envisage that the repressive effects of E2F-6 could be mediated by any of the mechanisms described above. Although we cannot rule out any of these models, two observations suggest that E2F-6 is unlikely to act solely through the sequestration of the DP proteins. (ii) Unlike the other transcriptional repressors that act by this mechanism, E2F-6 retains the ability to bind to DNA. (ii) At least as observed in our overexpression assays, addition of excess DP protein does not prevent E2F-6 from inhibiting the activity of the other E2F complexes. This strongly suggests that the observed repression is dependent upon an additional function(s) of the E2F-6 protein. DP binding might still be required for this repression as an essential component of an actively repressive complex. Clearly, the experiments described above do not allow us to address the mechanism of action of the endogenous E2F-6 species. In fact, it is still unclear whether or not E2F-6 functions as a repressor in vivo. It is possible to envisage alternate models for E2F-6 function. For example, the DP proteins are known to be present in excess relative to the E2Fs in vivo and E2F-6 could exist to chaperone this pool of ''unbound'' DP. If correct, the ''chaperone'' model yields two clear predictions about the endogenous E2F-6 protein. (i) It should exist at sufficiently high levels in vivo to be able to bind to any DP protein that is not associated with E2F-1 through -5. (ii) E2F-6 should have a lower affinity͞avidity for the DPs than any of the other E2F family members to ensure the efficient transfer of the DP from E2F-6 to E2F-1 through -5. Clearly, the ''repressor'' model of E2F-6 action also yields testable predictions. Regardless of whether or not its repressive properties are dependent or independent of its ability to bind to DNA, E2F-6 should have a similar or greater affinity for the DP proteins than the other E2Fs. Depending on its mechanism of action, it could also be present at either greater (if it acts through the sequestration of DP) or similar͞lower (if it regulates transcription in a sequence specific manner) levels than the other E2Fs in vivo. A direct comparison of the relative affinity͞avidity of the individual E2F family members for DP should help us to distinguish between these ''chaperone'' and ''repressor'' models, as will information about the relative abundance and DNA binding activity of the endogenous E2F-6 protein. Although we have yet to establish the true physiological role of E2F-6, its broad expression pattern suggests that it makes an important contribution to the regulation of E2F activity in vivo.
